Abstract. Carcinoid tumors are neuroendocrine neoplasms derived from enterochromaffin cells. Skeletal metastases from carcinoid tumors are considered to be extremely rare. In this study, we present two cases of carcinoid tumors that metastasized to the bone. Furthermore, we review 50 published case reports and reveal the features of skeletal metastasis of carcinoid tumors. The first case involved a 59-year-old man with a history of multiple metastases of a lung carcinoid tumor. The patient complained of back pain and numbness in the lower limbs. Magnetic resonance imaging revealed metastases in the thoracic spine. A spinal decompression was performed and the symptoms were resolved. The second case involved a 74-year-old man had been diagnosed with a lung carcinoid tumor 15 years previously and complained of left thigh pain. A radiograph showed osteolytic lesions in the shaft of the left femur. We repaired the femur using an intramedullary nail following curettage of the tumor. A radiograph of the femur revealed a callus on the pathological fracture. The patient was able to walk using a crutch 3 months after surgery. We reviewed 50 cases that described skeletal metastasis from carcinoid tumors. The average age of the patients was 54.9 years and 33 patients (66%) were male. The most common site of skeletal metastasis was the spine. We also investigated the survival rate of patients who developed skeletal metastasis from carcinoid tumors. The findings showed that survival of patients who developed osteolytic skeletal metastasis was worse than that of patients who developed osteosclerotic skeletal metastasis.
Introduction
Carcinoid tumors are neuroendocrine neoplasms derived from enterochromaffin cells, which are widely distributed in the body (1) (2) (3) (4) . Carcinoid tumors usually occur in the gastrointestinal tract (58-75%) and lung (20-31%), although they may occur anywhere in the body (2) (3) (4) . Carcinoid tumors are rare, occurring in only 1-2 cases per 100,000, and vary with age, gender and ethnicity. Clinical presentation of a carcinoid tumor is dominated by symptoms caused by amines secreted by the tumor. The classical carcinoid syndrome includes diarrhea, flushing, bronchial obstruction and carcinoid heart disease and correlates with the serotonin-secreting activity of the tumor (2, 5) . Carcinoid tumors usually metastasize to the liver, lymph nodes and lungs (3) . In approximately 10% of cases, the primary tumor site remains unknown (4) . The mainstay of treatment for carcinoid tumors is surgical resection. Octreotide has become the main therapeutic regimen for carcinoid syndrome-related complaints. Octreotide has often been suggested to prolong survival, but this hypothesis has never been confirmed (6) . Chemotherapy is not considered to be a first-line treatment for carcinoid tumors. The overall 5-year survival rate for all carcinoid tumors ranges from 70 to 80% (6, 7) . As expected, the stage of disease significantly affects the prognosis, with the best 5-year survival rate in patients with localized disease (93%) and a poor 5-year survival rate in patients with distant metastatic disease (20-30%) (4, 5) .
In the past, skeletal metastases from carcinoid tumors were considered to be extremely rare (1, 8) . However, skeletal metastases are becoming more prevalent due to longer survival and advances in earlier detection (9) . Recent studies have revealed that the incidence of skeletal metastases in carcinoid tumors is approximately 10% (3, 5) . Some patients with skeletal metastases from carcinoid tumors complain of pain at the site of metastases, and occasionally develop pathological fractures and spinal cord injuries due to metastasis to the spine. Despite the increasing need for precise evaluation and treatment, skeletal metastasis may frequently remain undetected, as some patients with skeletal metastases do not complain of any symptoms. Moreover, the nature of the skeletal metastasis from carcinoid tumors has not been fully elucidated.
In this study, we present two cases of carcinoid tumors that metastasized to the bone. Furthermore, we reviewed 50 published case reports and described the occurrence, site and clinical course of skeletal metastasis in patients with carcinoid tumors.
The study was approved by the Ethics Committee of the hospital, and consent was obtained from the patients involved. Tc-MDP) demonstrated abnormal uptake into the Th9 vertebra. A spinal decompression was performed at Th8-9 with Th7-10 posterior fusion using spinal instrumentation. The pain and numbness were resolved following surgery. A histological examination of the surgical specimen demonstrated that the tumor consisted of cellular nests of small round cells (Fig. 2) . The majority of tumor cells were positive for chromogranin A, synaptophysin and CD56 (data not shown). The histological diagnosis was metastases to the spine from a carcinoid tumor. The patient underwent chemotherapy following surgery and remained alive with slight numbness in his leg in August 2010.
Case 2.
A 74-year-old man was referred to our hospital with complaints of left thigh pain and impaired gait. The patient had been diagnosed with a lung carcinoid tumor 15 years previously, and had developed liver metastases 1 year before admission to our hospital. A radiograph showed osteolytic lesions in the shaft of the left femur (Fig. 3A) . CT revealed destruction of the cancellous bone and thinning of the cortex in the shaft of the left femur (Fig. 3B) . Bone scintigraphy using Tc-MDP demonstrated increased uptake into multiple bones including the cervical, thoracic and lumbar vertebrae, ribs, humerus, femurs and pelvis (Fig. 3C ). According to these images, we diagnosed a pathological fracture of the left femur due to skeletal metastasis from a carcinoid tumor and surgery was performed to remove the lesion. We repaired the femur using intramedullary nails following curettage of the tumor. A histological examination of the surgical specimen demonstrated that the tumor consisted of cellular nests of small round 
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cells (Fig. 4) . The majority of tumor cells were positive for chromogranin A, synaptophysin and CD56 (data not shown). The histological diagnosis was metastases to the femur from a carcinoid tumor. A radiograph of the femur showed a callus on the pathological fracture. The patient was able to walk using a crutch 3 months after surgery.
Discussion
Skeletal metastases from carcinoid tumors have been considered extremely rare in the past (8) . In most cases, examination for the presence of skeletal metastases was initiated in patients with clinical symptoms suggestive of skeletal metastases. However, patients with carcinoid tumors with skeletal metastasis do not always complain of pain at the site of skeletal metastasis, as demonstrated by case 2 and previous reports (5, 9) . Previous studies evaluating the use of octreotide scintigraphy in carcinoid tumors describe a rate of skeletal metastases of between 7 and 20% (5,9-11). Ross and Roberts reported that autopsy revealed a higher rate (42%) of skeletal metastases in 36 patients with carcinoid tumors (12) . Thus, we considered that skeletal metastasis from carcinoid tumors is not as rare as previously thought.
Meijer et al reported that bone scintigraphy and octreotide scintigraphy have acceptable sensitivity and that MRI has high sensitivity for detecting bone metastases (5). Fluoro-2-deoxy-D-glucose positron emission computerized tomography is also useful for detecting multiple bone metastases from carcinoid tumors (13) . Even if patients do not complain of any symptoms, patients with carcinoid tumors should be followed up carefully using effective inspection methods. We reviewed 50 cases that described skeletal metastasis from carcinoid tumors (3, (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) . The characteristics of the reported patients are shown in Table Ⅰ . The average age of the patients was 54.9 years (range, 19-82) and 33 patients (66%) were male. The primary lesion site was the gastrointestinal tract in 17 cases, the pulmonary region in 13 cases and other regions in 20 cases. The rate of skeletal metastasis from pulmonary carcinoid tumors appears higher than that from gastrointestinal carcinoid tumors, as carcinoid tumors usually occur in the gastrointestinal tract (58-75%) (2-4) . The most common site of skeletal metastasis is the spine, and 40% of cases revealed A B metastases to thoracic vertebrae, 34% to the lumbar vertebrae and 32% to the cervical vertebrae. Other common sites were the ribs (28%) and the pelvis (26%). The average period between the initial diagnosis of carcinoid tumor and skeletal metastasis was 22 months (range, 0-144; n=46). Regarding treatment, surgery was performed in 15 out of 50 cases (30%). Spinal decompression was indicated in 11 cases and extirpation was performed in 4 cases. We also used the Kaplan-Meier method to investigate the survival rate of patients who developed skeletal metastasis from carcinoid tumors (n=35). Fig. 5A shows the survival rate of the 35 cases following skeletal metastasis. The survival rate gradually decreased, and 50% of patients died 24 months following skeletal metastasis. We noted that 5 of 9 patients with osteolytic skeletal metastasis died within 1 year of skeletal metastasis, whereas none of the 9 patients with osteosclerotic metastasis died. We compared the survival of patients with osteolytic metastasis to the survival of those with osteosclerotic metastasis. Fig. 5B shows that the survival of patients who developed osteolytic skeletal metastasis is worse than that of patients who developed osteosclerotic skeletal metastasis. We investigated gender, age, site of primary lesion of the carcinoid tumor, secretion and pathology in osteosclerotic and osteolytic cases to identify differences between osteosclerotic and osteolytic metastases, but we did not determine a significant factor leading to osteolytic changes at metastatic sites. The average period between diagnosis of carcinoid tumor and skeletal metastasis in osteolytic patients (n=13) was 2.0 months (0-24), whereas in osteosclerotic patients (n=15) this period was 27.9 months (0-144). Eleven of 13 cases had already developed skeletal metastasis when the initial diagnosis of carcinoid tumors showed osteolytic changes. These results demonstrate that the majority of patients who developed osteolytic skeletal metastasis presented skeletal metastasis at the initial visit, and osteolytic bone metastasis may be an adverse prognostic factor in patients with carcinoid tumors. In this study, we reported two cases of skeletal metastasis from carcinoid tumors. The patients had osteolytic skeletal metastatic lesions, and surgery was effective for treating the lesion. However, these patients should be followed up carefully as osteolytic skeletal metastasis is an adverse prognostic factor in patients with carcinoid tumors.
